Analysis of long-term daily rainfall data for 58 locations in the Southern Sahelian and Sudanian climatic zones of West Africa showed that a significant relationship exists between the date of onset of rains and the length of the growing season. Early onset of rains, relative to the computed mean date of onset for a given location, resulted in a longer growing season. Probabilities of growing season lengths for early, normal and delayed onset of rains have been computed for all the locations. This analysis has important applications in crop planning as well as disaster planning and forms an initial step in concepts such as ~Response Farming" or "Weather-responsive Crop Management Tactics" for drought-prone West Africa.
INTRODUCTION
West Africa, one of the poorest regions in world economy, is dependent on subsistence agriculture for its survival. The population growth rate in the 1970s averaged 2.8% in this region and is expected to reach 3% over the 1980-1985 period while growth rates of sorghum and pearl millet, the two major cereal crops, have not been keeping pace with these rates of population growth (World Bank, 1984) . This is the only region of the world where per capita food production has declined over the last two decades (World Bank, 1984) and hence the ratio of food imports to total food consumption in this region has increased if consumption per head has remained at the same level.
Under these conditions, assuring some degree of yield stability to the farmer has become a priority to the national governments and to the research institutions working in West Africa. Major emphasis is being placed on breeding new cultivars of crops that could resist drought and on developing management practices that enable a more effective utilisation of the low rainfall. An important pre-requisite in the improved management of resources at the farm level is a complete understanding of the nature of the resource availability itself. To quote Kowal and Kassam (1978) , "Recommendations in the past for agricultural development in West Africa were based more on the use of soil management under low fertility level than on fully exploiting the climatic and plant genetic resources and have led to slow progress in exploiting the agricultural potential of this region... Many agronomic experiments and fertilizer trials conducted in West Africa for decades took little account of the variation in climatic potential for growth in different regions."
Among the factors controlling agricultural productivity in West Africa, the most important are soil fertility and rainfall. The unpredictable and variable nature of rainfall in this region has been very widely studied and is often given as the reason for the frequent crop failures. After the below-normal rainfall between 1969 and 1972, some claims (Lamb, 1972; Gribbin, 1973; Jenkinson, 1973; King, 1973; Winstanley, 1973) were made that the area was possibly undergoing a significant climatic change. Landsberg (1975) , on the other hand, suggested that the drought of the early 1970s was a typical climatic fluctuation which would, therefore, not persist. A recent review of climatic trends for tropical Africa (Farmer and Wigley, 1985) concludes that although many of the meteorological features associated with drought conditions are now well documented, the underlying causes of both the present drought and earlier droughts are unknown. Recent analyses (Dennett et al., 1985; Hutchinson, 1985) suggest that more information on African climatology may be obtained by analysis of shorter interval data.
Although the existence of long-term trends is uncertain, it is clear that the rainfall series for regions immediately south of the Sahara contain extended periods of both high and low rainfall (Farmer and Wigley, 1985) . Problems associated with our ability to provide accurate day-to-day weather forecasting for West Africa at the present time are well known (Farmer and Wigley, 1985) . Because of the unpredictable rainfall patterns, agricultural planning in West Africa should be evolved around an approach that considers actual or intraseason weather conditions.
For the bimodal rainfall regions of Kenya, it was shown (Stewart, 1985) that if the onset of rains is early, maize could be grown, but in the case of delayed onset, which occurs in about half the number of years, sorghum and millet should be favoured over maize.
The objective of this study is to investigate the relationship between the date of onset of rains and the length of the growing season in the Southern Sahelian and Sudanian climatic zones of West Africa for the purpose of predicting the rainy season potential at the beginning of the rainy season. Two significant features of the rainfall patterns in these two zones give rise to optimism that such a prediction might in fact be possible. First, rainfall distribution is characterised by a single peak (unimodal) . Also, when the rainy season progresses into July, there is a regular increase in the frequency and amount of rainfall (R) to the extent that it exceeds the potential (reference) crop 
METHODS

Data base
Daily rainfall data for 58 locations in Niger and Burkina Faso, which fall in the Southern Sahelian and Sudanian climatic zones (Sivakumar, 1986) , have been used. Only those locations with daily rainfall data for periods ~> 25 years have been included in the analysis.
Dates of onset and ending of rains and length of growing season
The date of onset of rains is an important issue in planning agricultural operations in West Africa, particularly sowing. Several studies (Stanton and Cammack, 1953; de Geus, 1970 ; van Rheenen, 1970; Jones and Stockinger, 1972; Kassam and Andrews, 1973) showed that early establishment of crops results in higher yields. Assessment of growing season length depends on a knowledge of the start of the rains. Various definitions of the onset of the rains exist in the literature (Cocheme and Franquin, 1967; Walter, 1967; Virmani, 1975; Davey et al., 1976; Benoit, 1977; Stern et al., 1981) . Davey et al. (1976) observed that planting date for millet in Niger coincides with the first occurrence of 20 mm of rain over 2 days. However, such a definition was observed to give rise to false starts and a qualifying criterion that a dry spell of >/5 days in the 12 days following the potential start constitutes a false start was proposed (Benoit, 1977) .
The date of onset of rains (X) in this study is defined as that date after 1 May when rainfall accumulated over 3 consecutive days is at least 20 mm and when no dry spell within the next 30 days exceeds 7 days. This criterion is based on our observations on the establishment of millet crop at the ICRISAT Sahelian Center. The first occurrence of a long dry spell after a specified date could be used as the definition for the end of rains (Stern et al., 1981) . The date of ending of rains (Y) is taken as that date after 1 September following which no rain occurs over a period of 20 days. Length of growing season (Z) is taken as the difference (Y-X).
To compute the probabilities for growing season lengths of varying durations for a given date of onset of rains, the Kolmogorov-Smirnov test for goodness of fit of a specified distribution (Pearson and Hartley, 1976) was used.
For all the 58 locations tested, the parameters X, Y and Z followed the normal distribution. For the low rainfall locations in the Southern Sahelian zone (average growing season length 6(~100 days), probabilities of growing season lengths exceeding 75, 95, 115 and 135 days were computed. For the Sudanian zone (average growing season length 10(~150 days), growing season lengths of 95, 115, 135 and 150 days were considered.
RESULTS AND DISCUSSION
Relationship between the onset of rains and the length of the growing season
For all the 58 locations tested, we have observed a strong association between the date of onset of rains and the length of the growing season. Early onset of rains, relative to the computed mean date of onset for a given location, resulted in a longer growing season. This is illustrated in Fig. 2 , which shows such a representative relationship between the onset of rains and the length of the growing season at Niamey, Niger (data base 1904-1984) . Average date of onset of rains at Niamey is computed as 12 June and average length of growing season is 94 days. However, when rains arrive as early as mid-May growing season length will in many cases exceed 110 days. In years when rains are delayed until the end of June, growing season length will in many cases be considerably shorter, which partly explains the reason for crop failure as traditional varieties of millet take 100-110 days from planting to reach 
Probabilities of growing season length for variable onset of rains
Computed probabilities of growing season lengths for early, normal and delayed onset of rains for the Southern Sahelian and Sudanian zones are presented in Tables I and II . These data show more precisely that an early onset of rains offers a longer growing season while delayed onset results in a considerably shorter growing season. For example, if the onset of rains at Niamey occurs 20 days earlier relative to the average date of onset of rains (12 June), there is a 45% probability that the growing season will exceed 115 days. On the other hand, if the rains are delayed until the end of June, there is only a 1% probability that the growing season will exceed 95 days.
The implications of the above analysis are that crop management tactics in the Southern Sahelian and Sudanian zones may be advised to be altered depending upon the onset of rains. Data given in Table I show that the average length of growing season in this region is short. If the rains start early in a given location, it will be safer to use crop cultivars recommended for a median length of season calculated for that location. If the rains are delayed 10 days beyond the calculated average date of onset of rains, short duration cultlvars or even another crop that will mature early in the remaining growing season have a greater chance to be more productive. In addition, in terms of disaster planning, delayed rains signal the need for early action since traditional and improved cultivars of median season length are likely to give poor yields. This is illustrated from the data computed for Niamey for the drought year 1974, when rains commenced on 6 July and the length of the growing season was only 59 days. Stewart (1985) gave the name "response farming" to the approach of using indicators to forecast the season rainfall category, and then using the forecast to guide farm management decisions. One could also use the term "Weatherresponsive Crop Management Tactics" to imply changes in management tactics in response to variations in the onset of rains. The analysis described above could be the initial step in this concept, since onset of rains is a key issue, especially in the Southern Sahelian climatic zone where the average length of the season is short. Agricultural planning in this region could be based on a range of alternatives that could be offered to the farmers, conditional upon the onset of rains and our knowledge of how it is related to the potential growing season. The objective here is to minimise the effects of drought by making the most efficient use of the scarce rainfall in a drought year, but maximise production in the good years by exploiting the long growing season. The additional question of intra-season droughts is also of major concern and research currently underway at ICRISAT Sahelian Center and at several other institutions in West Africa is aimed at devising means to cope with these droughts to ensure yield stability.
CONCLUSIONS
